Abstract-Punjab agriculture dominated by wheat-rice cropping cycle witnessed a quantum jump in agricultural production and productivity as the result of green revolution technology and contributed largely towards ensuring food security to India's growing population. But overtime, growth and production of crops in the state is on decline due to overexploitation of its natural resources. The state now faces the problem pertaining to sustainability of its agriculture. The present paper evaluates the extent of sustainability of crop production in Punjab. Sustainability has been measured using time trend analysis of Monteith (1990) and inferences of sustainability were drawn from contingency table. Further, geometric growth rates of total area and yields of all major crops were computed using methodology of Oyekale (2012). The results show that even though production of majority of the crops is sustainable but it will not be for very long. From 1966 to 2011, crops like Wheat (0.6%), Cotton (0.4%), Maize (2.1%), Oilseeds (1.9%), Pulses (3.6%), Bajra (4.2%), Barley (4%), Sugarcane (2.3%), Jowar (4.6%) were sustainably cultivated while rice (-1.4%) showed unsustainability. The findings suggest that for sustainability of crop production in Punjab, there is need for crop diversification and shift from input intensive agriculture to sustainable farming so as to conserve natural resources for future food security.
I. INTRODUCTION
Agriculture is main source of livelihood of the people around the world especially in the developing countries like India. Until about four decades ago, farmers practiced subsistence agriculture. Crop yields were depended on rainfall, internal resources and use of organic manures but yields were low. Farmers would grow more than one crop at a time in a field so as improve soil health. Farms were left fallow or legumes were rotated with crops so as to safeguard their production against weather variability and pest outbreaks. In these farming systems, the link between agriculture and environment was strong and signs of natural resource degradation were seldom evident [1] .
The advent of Green Revolution in 1960s led to commercialization of Indian agriculture. High Yielding Variety seeds, irrigation, use of chemical fertilizers and pesticides form the core features of Green Revolution. Punjab state became pioneer in adoption of green revolution technology in India and made great strides in agriculture over time. The result was doubling and tripling of yields of wheat, Manuscript received August 5, 2016 ; revised October 14, 2016 .  Varinderpal Kaur is with the Department of Geography, Panjab rice and other crops and the state contributed largely towards ensuring food security to India's growing population. The state produces about 12% of the nation's food grains on only 1.4% of its area and is called ‗breadbasket of the country'.
Punjab state is located in northwest of India with an area of 5.03 million hectares. It extends from 29.30° N to 32.32° N latitudes and from 73.55° E to 76.50° E longitudes. About 83% of its total geographical area is under agriculture with cropping intensity of about 188%. About 70 percent of the population is engaged in agriculture and its allied activities. Due to increase in population, per capita availability of land and its productivity has declined. Average size of land holdings is just 3.77 hectares. In the last decade, food grain production in Punjab has increased by 2% only as against 8.6 % growth in its population [2] .
The state has fallen in the web of wheat and rice cropping cycle as a result of central and state policies like Minimum Support Price, effective procurement of these two crops, agricultural subsidies, free electricity and easy credit availability. Before green revolution, the state grew more than 250 varieties of different crops but now grows only two main crops-wheat and rice and one minor cash crop, cotton [3] . The consumption of chemical fertilizers and pesticides has also increased many folds and is highest in the country. The level of NPK ratio in Punjab state is 39:9:1 as against an ideal combination of 4:2:1 and national average of 7:3:1 [4] .
The state has net irrigated area of 96 percent with cropping intensity of 190 percent. Of the total irrigated area of the state, only 26 percent is irrigated through canals while 73% of the area is irrigated through tubewells. As a result, the state has groundwater deficit of 9.7 MCM (million cubic meters) [5] . Out of total 20 districts in the state, only one fall under safe category and remaining fall under -Over-Exploited‖ category. As a result, the ground water is falling at an average rate of 55 cm in the state while in certain central parts by 75 cm [6] .
Growth and production of crops in the state is on decline due to overexploitation of its natural resources. The natural resources like land, soil and water have been misused extensively by farmers without any consideration of sustaining them and now they are paying price for this misuse with diminishing returns from agriculture. The state now faces the problem pertaining to sustainability of its agriculture. So, the present paper partially evaluates sustainability of Punjab crop production using the trends of cultivated land (input) and yields (output) only as all other factors are taken to be constant.
II. DATA SOURCE AND METHOD OF ANALYSIS

A. Data Sources and Period of Study
The present study is based on secondary data. To obtain the mean differences of crops, area and yield indexes, state level statistics on area and yields of crops were compiled from Statistical Abstracts of Punjab for the period 1966 to 2011. The study period has been divided into two parts. First, the Green Revolution phase from (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) which recorded unprecedented development in agriculture and post green revolution phase (1986-2011) which witnessed adverse effects of this development on the natural resources.
B. Estimation of Sustainability Index
To assess sustainability of crop production, time trends analysis method by Monteith (1990) has been used. Mean differences of land area (output) and yields (input) of different crops were computed for two time periods. The t-test (test of statistical significance) was applied to compare means to find if a significant difference exists between them. Then, sustainability is determined from a contingency table of trends in inputs and outputs. But this method has a limitation that when both output and input values increase or decrease simultaneously, nature of sustainability is indeterminate. So, to overcome this limitation, geometric growth index method as used by Oyekale (2012) has been used to determine the sustainability index of crop production [7] . The cultivated land and yields have been calculated to determine the sustainability index. The assumption being that if the yield index is greater than land index, production is sustainable but if the yield index is lower than the latter, production is unsustainable.
The formula to calculate geometric growth index is given as:
where, = Index of output and input used in period t, 1 = Percentage growth rate between year t and t-1, k = n-1 (where n is number of observations).
III. FINDINGS OF ANALYSIS
The mean differences of cultivated land area of the crops and their yields are computed for two time periods 1966-1985 and 1986-2011 respectively. Then t-test was applied to study the trend in the cultivated land and crop yields. Table II shows that the mean differences in land area cultivated and yield per hectare under major crops i.e. wheat and rice is statistically significant at 1 percent level which means the area and yields of both the crops has increased over time. The area of both these crops increased at the cost of all other crops because of easy procurement of these crops at minimum support price (MSP) by government. Also, to make India food secure nation, both central and state governments focused mainly on these two crops in the state. While the area under other crops has decreased as there is no assured price and procurement system. The crops worst hit after introduction of green revolution are Jowar and Bajra, as both their area and yields crops have declined. In case of barley, maize, pulses and oilseeds, the mean difference of their areas is negative while the yields are statistically significant at 1 percent. This implies that from 1966 to 2011, their area has reduced while yields have increased. As for cotton and sugarcane crops, area is not statistically significant at 5 percent but their yields are significant at 1 percent. So, it is inferred that increases in cotton and sugarcane production in this period is result of improvements in the yields and not from expansion in land. The increase in yields of crops in the state is due to assured irrigation, use of high yielding seeds and fertilizers.
When contingency table (Table I ) is referred to determine sustainability of crops like wheat, rice, Jowar and bajra, the inference is indeterminate. So, geometric growth index method has been used to measure sustainability of crop production due to this flaw in time trend analysis of Monteith. This method is based on the assumption that if yield index of a crop is greater than its proportionate land index, its production is sustainable. But if land index is greater than yield index, production of crop is unsustainable. Table III shows that production of all crops except that of rice is sustainable during the period 1966-1985. Sustainability index is highest that of jowar while lowest of cotton crop. The kharif season crops like jowar, bajra, maize, pulses, cotton and sugarcane are sustainable, but farmers Science and Development, Vol. 8, No. 3, March 2017 prefer unsustainable rice crop because it is more lucrative compared to former.
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The sustainable index of rice is -0.02 which implies that increase in rice production was result of expansion in its area as compared to yield. The areal expansion of rice crop from 5 percent in 1966 to 24 percent of gross cropped area by 1985, come at the cost of other crops like jowar, bajra, maize, and oilseeds. While the growth rate of rice yields fell from about 4 percent in 1970s to 1.3 percent during the 1980s [8] . In case of wheat, the area was already 31 percent in 1966 which increased to 43 percent in 1985. So, most of the production in wheat during this period was due to high yields. Table IV shows that again the production of all major crops in the time period from 1985-2011is sustainable except that of rice. The sustainable index of rice is -0.005. This implies that in this period again the increase in rice production is the result of expansion. The area reached 36 percent of gross cropped area in 2011 (from 24 percent in 1985). The growth rate of rice yields dropped to mere 0.02 percent by 2000s [9] . The expansion in area came at the cost of other crops such as cotton whose cultivated area came down to almost half by 1991. The area of cotton crop declined due to stagnation in its production largely due to fall in profitability to farmers caused by insecticide resistant pests like American bollworm [10] . In case of wheat, the area under wheat increased by just 2 percent in this period which shows that its area has reached saturation. The increase of wheat production is result of yields but these too are diminishing. Average annual growth rate of wheat yields declined from 2 percent in 2000s and to less than one percent by 2011 [11] . The constraint imposed by declining water-table, pest and disease vulnerability are adversely affecting rice yield more significantly than wheat yields [12] .
Sustainability index is highest that of barley while lowest of cotton and sugarcane crops. The sustainability index of all crops in post green revolution shows decline in their index values as compared to green revolution period. This shows that that the yields of all the crops are stagnating or declining over time especially rice and wheat indicating technology fatigue. So, the future growth in agriculture with the present crop patterns and technology is only possible through area expansion but this option is also limited due to already high levels of cropping intensity of 190 percent in the state [13] . Table V shows that all crops were sustainably cultivated from 1966-2011 except rice. The factors like injudicious use of groundwater, excess utilization of NPK fertilizers and pesticides have led to decline in crop yield, soil health and the toxic chemicals have infected groundwater and entered our food chain. Rice crop shows unsustainability in its production in the state, so there is a need of crop diversification with shift towards other crops like pulses and oilseeds. The crop diversification will not only reduce stress on its natural resources but also will sustain them for their future use, as sustainability of agricultural system is necessary for ensuring food security of a nation.
IV. CONCLUSION
Despite assured procurement through minimum support price of rice and wheat, both area and yields are plateauing resulting in diminishing returns for the farmers of the state. Crop yield per kg NPK have come down from 50 kg in initial years of the Green Revolution to 10 kg today [14] . As a result there is drastic reduction in crop yields of the state over the years. The over intensification of agriculture in the state has not only led to degradation of its fragile agro ecosystem but is also affecting socio-economic condition of the farmers due to high cost of production and diminishing economic returns [15] . Other ecological problems being faced are micro-nutrient deficiency, soil salinity, waterlogging, decline in water table, higher incidence of pests/diseases and pollution due to burning of crop residues of paddy and wheat crops [16] . So, there is need to shift from intensive agriculture to sustainable agriculture so as to overcome the problem of natural resource degradation in the state. This move towards sustainable agriculture is a long-term process which is only possible through proper coordination between government and farmers.
